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It is difficult to get school and university students interested in physics. Many 
students place physics in the ‘too hard basket’. In many cases this is because 
physics is perceived to contain a lot of mathematics, which many students also 
find hard.  Another barrier to the study of physics is that there is no easily 
identifiable career as a physicist, as for example there is for a chemist, engineer, 
nurse, lawyer, doctor, dentist etc.  Physics touches many aspects of life. All 
electronic equipment, phones, computers etc contain semiconductor chips that 
were developed by physicists. A result of this very diverse application of physics 
is that physicist end up working all over the place. For example, physicists end 
up in private and government research laboratories, as teachers in schools and 
as medical physicists in hospitals.  
 
Traditionally, imaging science is seen as part of physics since some kind of 
radiation is required to produce an image and radiation clearly falls within the 
domain of physics. For example, images can be produced using light, x-rays, 
radio waves and even particles such as electrons and neutrons, since small 
objects like electrons and neutrons behave in a wavelike fashion. For example, 
electron ‘light’ is used in electron microscopes too see structures down to the 
nanoscale that cannot be seen with a light microscope. Sound waves can also be 
used to generate images, for example ultrasound scanners to check the 
development of babies in the womb. Satellite imaging is becoming very 
important in monitoring climate change, for example satellites use microwave 
radiation to measure the temperature of the oceans.  
 
People are interested in images.  After all, most information is received through 
the eyes. In view of this interest, maybe imaging is a good way to get school 
students interested in physics. Most of us are familiar with the use of x-rays for 
imaging the body and nearly all of us have had an x-ray at one time or other. 
However, x-ray imaging is used in other branches of science and engineering – 
for example to check the welds in pipes before being lowered down an oil well. 
 
This article describes an unusual application of x-ray imaging which exemplifies 
one of the diverse applications of physics, in this case the application of physics 
in archaeology.  The story goes back a number of years when I worked as a 
medical physicist at St. Thomas’ Hospital (STH) in London in the UK. I developed 
a computer system for planning the implantation of radioactive iodine pellets in 
people with aggressive forms of brain cancer. This involved attaching a special 
frame to the patients’ head (a kind of titanium halo) and acquiring images 
through the region of the brain harbouring the tumour. 
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In an x-ray CT scanner, x-rays are directed through the body and the amount 
absorbed recorded by an array of detectors on the opposite side of the patient.  
Basically, an x-ray CT scanner records x-ray shadows from multiple directions. In 
a computer, lines are drawn backwards from the edges of the shadows and the 
intersections reveal cross-sectional structure. The generation and detection of x-
rays comes under the umbrella of a branch of medical known as radiological 
physics. The basic science of x-ray CT scanners was researched and developed by 
physicists. Engineers then developed clinical scanners. This is another example 
of first the physics and then the engineering. 
 
One night I was listening to a BBC radio program about the work being done at 
Manchester University (UK) on physically unwrapping mummies to perform 
autopsies on the remains. I had the idea of using the techniques we were using to 
plan brain surgery to unwrap a mummy using x-rays, i.e. perform a virtual 
autopsy on a mummy. By using cross-sectional x-rays we would be able to 
produce 3D pictures of the internal structure of a mummy without harming the 
mummy in any way. In industry this kind of imaging is called non-destructive 
testing. 
 
The next step was to speak to the Department of Egyptian Antiquities in the 
British Museum only a few km away from the hospital. They were excited about 
the project and asked me to measure the diameter of the aperture of the x-ray CT 
scanner to enable them to select a mummy that would fit. The diameter of the x-
ray CT scanner was 72 cm. The BM selected a mummy of the name of 
Tjenmutgengebtiu (which I will shorten to Jeni) who lived in the 22nd Dynasty in 
about 700 BC. The reason for selecting a mummy from this particular period in 
Egyptian history is because the art of embalming is considered to have peaked. 
 
I arranged a date with the hospital x-ray department to perform the scan. This 
was obviously at night as it is important not to bump patients off a CT scanner 
for x-raying something like an ancient Egyptian mummy.  (Someone pointed out 
that at about 2,700 years this is the longest anyone has waited to receive an x-
ray scan in a hospital!) 
 
The mummy was brought from the BM to STH in the back of a station wagon. Jeni 
arrived late as the car broke down and the equivalent of the RACQ had to go to 
the museum to fix the car. Many people wondered if this was an example of the 
mummy’s curse! Two of us lifted Jeni onto the scanner table having donned 
surgical gloves.  The mummy was surprisingly light, although on reflection this 
was not so surprising since mummification involved completely drying a body to 
aid preservation. At some point in their history, the Egyptians discovered that 
dried bodies lasted very much longer than moist bodies. 
 
We all looked intently at the computer screen as the first images came in. At the 
time I was unsure whether the x-rays would penetrate through the outer case of 
the mummy and reveal what was within. However, the x-rays could easily 
penetrate. At first only the case was seen, but then we saw the first cuts through 
the top of Jeni’s head. We were transfixed as more and more of Jeni was revealed. 
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On the first night we scanned down to the neck. I got back home from work at 
about 1 a.m. in the morning. On the way back I picked up a takeaway meal from 
an Indian restaurant. When I told the staff that I was late home from work 
because I had been x-raying an Egyptian mummy I don’t think they believed me! 
 
 
 
 
Looking inside an ancient Egyptian mummy 
 
 
All in all, Jeni came to STH on five nights and in total about 700 images were 
collected. A movie of all these images can be downloaded from the website listed 
at the end of this article. 3D reconstructions generated by the same 
supercomputer to plan brain surgery were able to clearly show the position of 
objects on and in Jeni’s body. Jeni has various amulets (ritual jewellery) placed 
on her body and we could clearly see that these were over her neck, sternum, 
naval and feet. 
 
Jeni’s mouth was slightly open and filled with linen. From 3D reconstructions we 
were able to ascertain that Jeni’s brain had been removed through her nostrils. 
The embalmers would have put a chisel up Jeni’s nose and broken through the 
ethmoid bone into the cranium and used a long needle with a hook on the end to 
remove the brain piecemeal. 3D rendering revealed that Jeni’s teeth were in very 
good condition when she died, indicating that she was probably only 19-23 years 
old when she died. This information about brain removal and the state of Jeni’s 
teeth could not be obtained using plain x-rays. 
 
An artist friend used a 3D image of Jeni’s skull to paint a picture of what Jeni may 
have looked like during life, which is something else that would be difficult or 
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impossible to do with ordinary plain x-rays. A question that you are probably 
wanting to know the answer to is, how did Jeni die? We don’t know for sure. Jeni 
has a fractured rib and pelvis, so it is possible that she died of some kind of 
accident. 
 
 
 
 
View of mummy being scanned 
 
 
Educational material for use in the classroom or to form the basis of assignments 
can be freely downloaded from http://eprints.qut.edu.au/31522/  which includes a 
more detailed article about the project, videos and a set of PowerPoint slides and 
associated notes. 
